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ABSTRACT

The objectives of this study were to determine the
effect of recombinant bovine somatotropin (bST) and
added dietary rumen undegradable protein (RUP) on
organ and tissue weights and body composition in grow-
ing dairy heifers. Thirty-two Holstein heifers were in
the experiment, 8 killed initially at 3 mo of age, with
the remaining 24 Holstein heifers randomly assigned
to treatments (n = 6) consisting of 0.1 mg/kg of body
weight per day of bST and 2% added dietary RUP (dry
matter basis) applied in a 2 x 2 factorial design. A total
of 6 heifers per treatment group (3 each at 5 and 10
mo of age), were slaughtered to determine body compo-
sition and organ masses. Feed intake measured from
group intakes were increased by 0.25 and 0.35 kg/d
with bST and RUP, respectively. Administration of bST
tended to increase the weights of visceral organs includ-
ing heart, kidney, and spleen by 16, 16, and 38%, respec-
tively. At 10 mo of age, there was a trend for increased
empty body weights (EBW) and non-carcass compo-
nents for heifers treated with bST, but there were no
effects of RUP. Body components and organ weights,
expressed as a percentage of BW were not affected by
RUP or bST. Somatotropin increased ash weight at 10
mo without affecting amounts of protein, fat, and en-
ergy. Rates of ash deposition between 3 and 10 mo
of age were increased 7 and 4 g/d by bST and RUP,
respectively. There were no treatment effects on rates
of body fat, protein, and energy deposition. Bovine so-
matotropin and RUP altered the metabolism of growing
heifers in a manner that was consistent with increased
rates of skeletal growth. This suggests that nutritional
and endocrine manipulations could increase growth
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rates of skeletal tissues without increasing fat deposi-
tion in prepubertal dairy heifers.

(Key words: dairy heifer, skeletal growth, body compo-
sition, somatotropin)

Abbreviation key: EBW = empty body weight, GI =
gastrointestinal, LBW = live body weight, NC = non-
carcass fraction.

INTRODUCTION

Increasing growth rates of dairy replacement heifers
reduces the interval from birth to first calving, which
has the potential to increase the profitability of dairy
herds (Heinrichs, 1993). In addition, it is well estab-
lished that there is a positive relationship between BW
at calving and milk production in first-lactation dairy
cows (Clark and Touchberry, 1962; Hardville and Hen-
derson, 1966; Hoffman, 1997). Keown and Everett
(1986) observed maximal first-lactation milk yield in
Holstein replacement heifers weighing between 590
and 635 kg at calving. Furthermore, adequate skeleton
size is needed to minimize dystocia during the first
parturition (Markusfeld and Ezra, 1993). Analysis of
first-lactation production in commercial herds in Israel
(Markusfeld and Ezra, 1993) showed that body skeleton
size (withers height) at calving was positively related,
whereas BW was negatively related to first-lactation
FCM yield, suggesting that skeletal size rather than
BW was the most important factor affecting first-lacta-
tion milk yield. These results were similar to those of
Sieber et al. (1988), where again withers height was a
more important factor than BW in relation to first-
lactation milk yield.

The majority of skeletal growth occurs during the
prepubertal period (Heinrichs and Hargrove, 1987),
when rates of withers and hip height growth are as
much as 3-fold greater than after puberty (Barash et
al., 1994a, 1994b). Relative rates of skeletal growth as
measured by changes in withers or hip height decrease
gradually over time from as much as 5 cm/mo at 2 mo
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of age to around 1 cm/mo during the postpubertal period
(Heinrichs and Hargrove, 1987). This suggests that the
greatest opportunity for enhancing skeletal growth is
during the prepubertal period. Increases in rates of
skeletal and BW growth in prepubertal dairy heifers
can be achieved by increasing the energy density of
diets. However, increasing rates of BW gain above 1 kg/
d reduces mammary parenchymal tissue and increases
mammary fat deposition (Sejrsen et al., 1982; Capuco
et al., 1995), and both factors are associated with lower
milk production during the first lactation. Thus, meth-
ods to increase skeletal growth rates without increasing
fat deposition might be used to accelerate growth with-
out increasing fattening, thereby preventing detrimen-
tal effects of accelerated growth on mammary devel-
opment.

Somatotropin, particularly when used in the presence
of increased intestinal protein such as abomasal infu-
sion of casein (Houseknecht et al., 1992; Bruckental et
al., 1996) has been shown to enhance N retention by
Holstein steers, suggesting that lean tissue and possi-
bly skeletal deposition may be enhanced by the addition
of bST and dietary RUP. Previous studies with bST
showed positive effects on development of mammary
secretory tissue between birth and conception (Tucker,
1987; Sejrsen, 1994). Radcliff et al. (1997) and Grings et
al. (1990) reported increased withers height at puberty
with prepubertal bST treatment. Collectively, these ex-
periments suggest that bST in combination with added
RUP might provide a practical means to optimize skele-
tal growth rates during the prepubertal period without
having negative impact on mammary development. The
objectives of this study were to determine the effects of
administration of bST and dietary RUP on body compo-
sition, and organ and tissue growth rates in prepubertal
dairy heifers.

MATERIALS AND METHODS
Animal Management and Feeding

The experimental protocol was approved by the Uni-
versity of Maryland Institutional Animal Care and Use
Committee and was conducted at Central Maryland
Research and Education Center Dairy Unit located in
Clarksville, Maryland. Thirty-two Holstein heifer
calves, 16 each from 2 separate groups (replicates) of
purchased calves, were a subset of a larger growth ex-
periment to evaluate the impact of prepubertal bST
and RUP on subsequent milk production. Calves were
raised in either individual calf hutches or pens until
weaning at 60 d of age. Calves were raised on 4.5 L/d
of a commercial milk replacer and ad libitum water and
starter mix until weaning at 60 d of age. After weaning,
heifers were fed starter mix and water ad libitum until
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Table 1. Ingredient and chemical composition of control and RUP
diets.

Control Added RUP
% of DM
Ingredients
Corn grain, ground 2.3 -
Soybean meal 3.7 0.7
Excel soy! 11.3 12.8
White fish meal - 4.7
Corn silage 64.4 64.4
Timothy hay 16.7 16.7
NaCl 0.4 0.2
Mineral and vitamins mix? 14 0.4
Chemical composition
DM 46.2 46.3
CP 14.9 16.9
RUP 5.9 7.9
ADF 24.1 24.2
NDF 3.8 3.8
Ca 0.7 0.7
P 0.5 0.5

Excel soy, Excel Soybean Technologies, Oskaloosa, KS.

2Formulated to provide (per kg of DM) 2551 IU of vitamin A, 426
IU of vitamin D, 8.5 IU of vitamin E, 0.06 g of P, 0.17 g of Ca, 19.2
mg of Fe, 15.4 mg of Zn, 15.4 mg of Mn, 7.7 mg of Cu, and 0.3 mg
of Se.

90 d of age and transitioned onto the TMR that was
fed from 3 mo until slaughter. All calves selected for
the study were in good health and averaged 90 kg BW at
the start of the experiment. Thirty-two Holstein heifers
were in the experiment, 8 killed initially at 3 mo of
age, with the remaining 24 Holstein heifers randomly
allotted to one of 4 treatment groups and group fed
by treatment until slaughter. Treatments consisted of
recombinant bST, with or without 2% added dietary
RUP, applied in a 2 x 2 factorial design. The control diet
was formulated according to 1989 NRC requirements
to meet nutrient requirements including energy and
protein needs for a 200-kg large-breed heifer with a live-
weight growth rate of 800 g/d. A complete description of
the chemical and ingredient content of experimental
diets, housing, and feeding methods is provided in a
companion manuscript detailing the growth experi-
ment (Moallem et al., 2004). The experimental diets,
fed as TMR (Table 1), were formulated to be equal in
energy and RDP content but differed only in RUP con-
tent. The added RUP diets contained 16.9% CP with
9.0% RDP and 7.9% RUP (DM basis) compared with
14.9% CP with 9.0% RDP and 5.9% RUP in the control
diet. Sustained release recombinant bST (Posilac, Mon-
santo Co., St. Louis), equivalent to 0.1 mg/kg BW per
day, was injected subcutaneously (scapular region) ev-
ery 14 d in bST-treated heifers.

Slaughter and Sampling Procedures

At 3 mo of age and prior to initiation of treatment,
8 heifers were killed to determine pretreatment body
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composition for estimating rates of body component de-
position. Twenty-four heifers, 6 per treatment group (3
each at 5 and 10 mo of age), were slaughtered to deter-
mine effects of treatment on body composition. These
ages were selected to represent the midpoint of prepu-
berty (5 mo) and the estimated age of puberty (10 mo).
Animals were transported to the USDA abattoir (Belts-
ville Agriculture Research Center, Maryland), where
they were stunned using a captive bolt gun followed
by exsanguination. Empty body tissues were separated
into carcass and non-carcass (NC) fractions. The NC
fraction consisted of the head, feet and tail, blood, hide,
internal organs, empty intestinal tract segments, and
mammary gland. Blood was collected, weighed, and
then pooled with the NC fraction. Internal organs in-
cluding heart, lungs, liver, kidney, and spleen were
weighed separately prior to pooling with the NC frac-
tion. Gastrointestinal (GI) segments with digesta con-
tents were isolated (rumen and reticulum, omasum,
abomasum, small intestine and large intestine, and ce-
cum) by ligation, separated, and weighed. Subse-
quently, GI tissue segments were emptied, washed with
cool water, drained, weighed empty, and pooled with
the NC fraction. Gut fill within intestinal tract was
determined as the difference between full and empty
weights of GI tract segments. The mammary gland was
removed and weighed, and the hide surrounding the
gland was separated and weighed. The mammary gland
was split down the medial line and half of the gland
was weighed and retained as a separate fraction for
histochemical analysis presented in another report,
while the remainder was analyzed separately and data
combined with the NC fraction. The carcass was split
down the middle, and each half was weighed to the
nearest 0.05 kg, shrouded, chilled to 4°C for 2 to 3 d
and then reweighed prior to grinding left half only.
Any loss of weight during chilling was considered to be
water. Non-carcass fractions were ground 4 times on
the day of slaughter in a 20-cm Autio grinder (Autio
Company, Astoria, OR) using a plate with holes of 13
mm diameter. The carcass was ground in a similar
manner 2 to 3 d after slaughter. Two samples (950 to
1000 g) were taken from the last grinding. Samples
were stored frozen and DM was determined by freeze-
drying. The dried samples from each fraction were
pooled and ground with dry ice in a Wiley mill through
a 2-mm screen, and an aliquot was stored frozen for
subsequent chemical analyses.

Chemical Analysis

Chemical analyses were conducted in triplicate on
ground freeze-dried carcass and NC fractions. Total N
was determined by combustion analysis (Leco C/N
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2000; model 601-900-000, Leco Corporation, St. Joseph,
MI), and CP was calculated as N x 6.25. Ether extract
was determined by AOAC (1984) procedures modified
to use a sample of 5 to 7 g. Ash content was measured
by combustion at 600°C for 16 h. Energy content of
the tissues was determined by adiabatic oxygen bomb
calorimetry (model 1271, Parr Instruments, Moline,
IL). Empty body composition of individual animals was
the weighted average of carcass and NC fractions. Feed
samples were collected weekly, pooled by dietary treat-
ment, subsampled, and submitted for chemical analysis
for DM, NDF, ADF, Ca, P, and K at a commercial feed
analysis laboratory (Cumberland Valley Laboratories,
Hagerstown, MD).

Statistical Analysis

Chemical analysis and BW of the 8 heifers killed at
90 d were used to develop regression equations based
on BW to predict initial amounts of body chemical com-
ponents at 90 d of age and prior to treatment initiation
for animals killed at 5 and 10 mo. Body weight was
used directly as a covariant in the analysis of covariance
using the Mixed Procedure of SAS (SAS 8.0) for a heifers
killed at 5 and 10 mo of age in the analysis of body
composition and tissue and organ weights. The statisti-
cal model included effects of covariate, bST, RUP, and
RUP xbST effects. Replicate within treatment was used
as the random term for treatment effects with error
degrees of freedom approximated using the Kenward-
Roger option within the mixed procedure. For data rep-
resenting daily deposition of body components from 90
d to 10 mo of age shown in Table 8 below, total deposi-
tion of chemical components represented the difference
between estimated components at 90 d based on BW
and measured components at 10 mo of age. The statisti-
cal analysis model for these data was identical to that
previously described, except that BW was not used as
a covariate, since it had already been used to predict
initial body chemical components. We used probability
values of (P < 0.05) to define statistically significant
results with statistical trends being defined at (P <
0.10). All body tissue and organ weights and chemical
composition data for individual treatments are reported
as least square means.

RESULTS

Body Tissue and Organ Weights

The previously reported daily DMI between 3 and 10
mo of age were 4.8, 5.2, 5.3, and 5.4 kg (pooled SED =
0.4) for control, bST, RUP, and the combination of RUP
and bST (bSTRUP) treatments, respectively (Moallem
et al., 2004). Dry matter intake was increased (P <0.01)

Journal of Dairy Science Vol. 87, No. 11, 2004



3872

MOALLEM ET AL.

Table 2. Body component weights (kg) of Holstein heifers slaughtered at 5 mo of age fed the control diet,
injected with bST, fed a diet with 2% added RUP, or injected with bST and fed added RUP (bSTRUP).

Treatments Treatment effects (P <)
Control  bST RUP bSTRUP SEM bST RUP  RUP*bST
Heifers, n 3 3 3 3
LBW 103.8 123.8 126.3 118.4 14.6 0.70  0.60 0.40
Digesta 15.8 18.1 21.3 19.6 2.5 0.95 0.19 0.39
Empty body 79.4 94.4 95.1 90.8 13.8 0.72  0.69 0.52
Carcass 44 .4 56.1 55.9 52.8 8.4 0.64 0.66 0.43
Total non-carcass 31.5 34.3 34.2 33.9 4.7 0.81 0.82 0.77
Empty digestive organs
Rumen and reticulum 2.35 2.71 3.12 2.99 0.45 081 0.33 0.62
Omasum 0.82 1.04 0.98 1.30 0.23 032 0.42 0.84
Abomasum 0.52 0.61 0.61 0.68 0.07 0.38 0.36 0.90
Small intestine 2.90 3.35 3.06 3.51 0.47 037 0.76 0.99
Large intestine 1.92 1.80 2.33 1.75 0.37 0.39 0.66 0.57
Total digestive tract 8.46 9.45 10.08 10.26 1.55 0.72 049 0.81
Visceral organs
Liver 1.69 2.22 2.11 2.38 0.39 037 0.1 0.75
Lungs 1.07 1.23 1.22 1.10 0.14 092 0.95 0.37
Heart 0.57 0.57 0.64 0.64 0.06 096 0.27 0.92
Kidney 0.45 0.53 0.47 0.55 0.09 043 0.82 0.98
Spleen 0.19 0.28 0.29 0.33 0.08 047 0.40 0.82
Blood 3.51 4.09 4.95 3.84 0.79 0.76  0.52 0.36

by both bST and RUP. Treatment means for body tissue
and organ and weights expressed in kilograms in heif-
ers slaughtered at 5 and 10 mo of age shown in Tables
2 and 3, respectively. Most changes in tissue and organ
weights were statistically nonsignificant, but followed
changes in live body weight (LBW). Although LBW was
numerically higher for both bST and RUP treatments
at both 5 and 10 mo of age and similar in magnitude
to those observed in the companion growth experiment
(Moallem et al., 2004), differences were not significant.

There was a trend for increased empty BW (EBW) (P =
0.07) and increased non-carcass weight (P = 0.09) for
heifers treated with bST (P = 0.07) at 10 mo of age
(Table 3).

Consistent with changes in DMI and LBW, weights
of many of the digestive organs were numerically higher
for bST and RUP treatments at both 5 (Table 2) and
10 mo of age (Table 3). Similar effects were observed
for visceral organs, which were numerically greater
with bST and RUP addition. At 10 mo of age, kidney

Table 3. Body component weights (kg) of Holstein heifers slaughtered at 10 mo of age fed the control diet,
injected with bST, fed a diet with 2% added RUP, or injected with bST and fed added RUP (bSTRUP).

Treatments Treatment effects (P <)
Control  bST RUP bSTRUP SEM bST RUP  RUP*bST
Heifers, n 3 3 3 3
LBW 249.0 288.1 272.1 279.2 12.3 0.21 043 0.38
Digesta 32.0 35.8 434 41.0 484 089 0.16 0.55
Empty body 217.4 241.1 228.7 238.2 7.83 0.07 0.60 0.20
Carcass 136.2 147.0 139.5 147.5 7.0 0.29 0.78 0.83
Total non-carcass 72.7 82.1 78.1 79.6 2.8 0.09 0.62 0.20
Empty digestive organs
Rumen and reticulum 5.88 6.68 6.88 6.63 0.31 041 0.18 0.14
Omasum 2.25 2.75 2.20 2.10 0.25 048 0.24 0.31
Abomasum 1.03 1.11 1.16 1.06 0.07 085 0.62 0.26
Small intestine 3.89 4.76 4.28 4.15 0.31 0.29 0.75 0.17
Large intestine 3.46 4.63 3.48 4.00 0.55 0.17 0.60 0.57
Total digestive tract 16.6 20.0 18.7 17.9 1.15 0.31 0.99 0.13
Visceral organs
Liver 4.09 4.79 4.44 4.49 0.27 021 0.95 0.28
Lungs 1.92 2.16 2.10 2.23 0.09 0.16 0.29 0.58
Heart 1.10 1.39 1.23 1.34 0.08 0.08 0.70 0.29
Kidney 0.78 0.95 0.83 0.93 0.04 0.01 0.70 0.44
Spleen 0.47 0.64 0.53 0.73 0.07 0.08 0.39 0.84
Blood 10.2 12.2 10.2 11.8 0.88 0.14 0.89 0.81
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Table 4. Body component weights (% of empty body weight) by treatment of Holstein heifers slaughtered
at 5 mo of age fed the control diet, injected with bST, fed a diet with 2% added RUP, or injected with bST

and fed added RUP (bSTRUP).

Treatments Treatment effects (P <)
Control  bST RUP bSTRUP SEM bST RUP RUP*bST
Heifers, n 3 3 3 3
Digesta, % of live weight  17.6 17.1 19.7 18.8 0.88 0.47 0.08 0.88
Carcass 48.1 51.6 49.7 49.5 0.75 0.10 0.74 0.08
Total non-carcass 34.2 31.4 30.7 31.9 0.87 0.44  0.17 0.10
Empty digestive organs
Rumen and reticulum 2.93 2.88 3.33 3.34 0.14 0.88 0.07 0.84
Omasum 1.03 1.10 1.03 1.40 0.12 0.15 0.29 0.27
Abomasum 0.66 0.65 0.66 0.75 0.05 0.55 0.48 0.44
Small intestine 3.51 3.53 3.36 3.95 0.27 0.31 0.66 0.34
Large intestine 2.47 1.97 2.40 1.97 0.26 0.17  0.90 0.90
Visceral organs
Liver 2.14 2.37 2.24 2.56 0.11 0.09 0.29 0.75
Lungs 1.43 1.34 1.31 1.20 0.19 0.64 0.54 0.97
Heart 0.73 0.61 0.70 0.71 0.06 0.46  0.69 0.35
Kidney 0.57 0.56 0.50 0.59 0.06 0.56 0.75 0.45
Spleen 0.25 0.30 0.29 0.34 0.05 0.37 0.45 0.92
Blood 4.27 4.38 5.29 4.17 0.46 0.30 0.43 0.22

weights were greater (P < 0.01), while heart (P = 0.08)
and spleen (P = 0.08) weights tended to be greater with
bST treatment.

Body components expressed as a percentage of EBW
of heifers killed at 5 and 10 mo of age are presented in
Tables 4 and 5. Digesta fill at 5 mo (Table 4), expressed
as percentage of LBW, tended to be greater with RUP
treatment. Carcass weights, expressed as a percentage
of EBW, tended to be greater (P = 0.10) in bST-treated
heifers at 5 mo but not at 10 mo age. Both carcass (P =
0.08) and total non-carcass (P = 0.10) weights were
reduced with RUP, but the reduction appeared to be
less with bST at 5 mo of age. All other tissue and organ

weights, expressed as a percentage of EBW, were not
different among treatments. Thus, changes in organ
growth appeared to be proportional to LBW gain.

Body Composition

Least square means for concentration and amount of
empty body water, ash, protein, fat, and energy are
presented in Tables 6 and 7 for heifers slaughtered
at 5 and 10 mo of age, respectively. There were no
differences observed for concentrations (% EBW) of wa-
ter, ash, protein, fat, or energy, at either 5 or 10 mo
between treatment groups. At 5 mo of age, amounts of

Table 5. Body component weights (% of empty BW) by treatment of Holstein heifers slaughtered at 10 mo
of age fed the control diet, injected with bST, fed a diet with 2% added RUP, or injected with bST and fed

added RUP (bSTRUP).

Treatments Treatment effects (P <)
Control  bST RUP bSTRUP SEM BST RUP RUP*bST
Heifers, n 3 3 3 3
Digesta, % of live weight  13.5 13.8 15.6 15.1 1.73 0.96 0.45 0.88
Carcass 56.9 55.8 54.8 55.0 2.02 0.92 0.63 0.86
Total non-carcass 30.1 30.6 29.6 29.8 0.86 0.72 0.51 0.89
Empty digestive organs
Rumen and reticulum 2.71 2.75 2.96 2.79 0.132 0.64 049 0.62
Omasum 1.05 1.15 1.02 0.882 0.139 0.90 0.41 0.49
Abomasum 0.47 0.46 0.49 0.44 0.022 0.25 0.96 0.35
Small intestine 1.82 1.98 1.83 1.75 0.112 0.77 045 0.35
Large intestine 1.61 1.90 1.56 1.68 0.229 0.43 0.59 0.75
Visceral organs
Liver 1.90 2.00 1.96 1.89 0.104 0.92 0.84 0.55
Lungs 0.89 0.90 0.92 0.93 0.046 0.82 0.53 0.98
Heart 0.50 0.58 0.57 0.55 0.032 0.24 0097 0.41
Kidney 0.36 0.39 0.36 0.39 0.018 0.12 0.97 0.90
Spleen 0.21 0.27 0.23 0.31 0.030 0.09 0.45 0.75
Blood 4.67 5.02 4.46 4.97 0.341 0.30 0.72 0.82
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Table 6. Chemical body components as percentage of empty BW and total body component weights at 5
mo of age in heifers fed the control diet, injected with bST, fed a diet with 2% added RUP, or injected with

bST and fed added RUP (bSTRUP).

Treatments Treatment effects (P <)
Control bST RUP bSTRUP SEM bST RUP RUP#*bST
Observations, n 3 3 3 3
Water, % 66.5 65.1 66.0 66.9 1.34 0.84 0.65 0.41
Ash, % 4.8 5.4 4.9 5.3 0.37 0.27 0.94 0.78
Crude protein, % 18.9 19.9 19.5 19.8 0.84 0.45 0.78 0.70
Fat, % 9.9 9.5 9.6 8.0 0.74 0.24 0.29 0.47
Energy, Mcal/kg 1.88 1.97 1.94 1.80 0.06 0.76 0.51 0.21
Component
Weight, kg 79.4 94.4 95.1 90.8 13.97 0.72 0.69 0.52
Water, kg 53.1 61.5 62.3 60.8 9.51 0.74 0.69 0.63
Ash, kg 3.8 5.1 4.5 4.7 0.55 0.23 0.83 0.38
Crude protein, kg 14.7 18.9 18.5 17.8 1.79 0.53 0.69 0.39
Fat, kg 7.8 9.0 9.7 7.4 1.73 0.76 0.95 0.36
Energy, Mcal 149.0 186.3 189.0 163.7 27.9 0.84 0.78 0.33

empty body water, ash, protein, and energy were all
numerically greater with bST and RUP treatment but
differences were not significant. Similar effects were
observed in heifers slaughtered at 10 mo of age; how-
ever, ash was increased by bST (P = 0.04) and tended
to increase with RUP (P = 0.09). Although LBW was
numerically 23 kg greater with bST (Table 3), the
amount of body fat was actually lower, the difference
comprising added water and protein. Total energy of
the empty body was not altered by RUP or bST.
Growth rate and rate of deposition of individual
chemical components for heifers slaughtered at 10 mo
of age are presented in Table 8. As previously described,
rate of deposition of individual chemical components
are based on the difference between actual measured
values at 10 mo of age and estimated chemical compo-
nents at 3 mo. The estimated chemical components at

3 mo were based on the relationship between empty
body components and BW for heifers slaughtered at 3
mo of age, prior to the start of the experiment. Total
LBW and EBW gain were numerically greater for both
bST and RUP treatments, but differences were not sta-
tistically different. Total gains in empty body ash were
increased by 1.5 and 1.2 kg by bST (P = 0.04), and RUP
(P = 0.09), respectively. Similarly, protein gain was
numerically higher with bST and RUP treatment, while
fat and energy gains were similar across treatments.
Daily rate of ash deposition (Table 8) was increased 7
g/d (P < 0.05) by bST and tended to increase by 4 g/d
(P < 0.08) by the addition of RUP. Rates of protein
deposition were numerically greater with bST and RUP
treatments, but differences were not significant. Effects
of bST or RUP on rate of fat or energy deposition were
not apparent.

Table 7. Chemical body component as percentage of empty BW and total body components weights at 10
mo of age in heifers fed the Control diet, injected with bST, fed a diet with 2% added RUP, or injected with

bST and fed added RUP (bSTRUP).

Treatments Treatment effects (P <)
Control bST RUP bSTRUP SEM bST RUP RUP*bST
Observations, n 3 3 3 3
Water, % 62.1 61.1 61.2 62.3 0.98 0.98 0.92 0.44
Ash, % 4.9 5.1 5.1 5.6 0.30 0.33 0.33 0.69
Crude protein, % 18.8 19.7 19.8 20.2 0.70 0.37 0.35 0.76
Fat, % 14.2 14.1 13.9 11.9 0.89 0.30 0.22 0.34
Energy, Mcal/kg 2.32 2.37 2.36 2.18 0.08 0.51 0.46 0.37
Component
Weight, kg 216.0 239.6 230.2 236.9 8.28 0.14 0.54 0.37
Water, kg 136.8 149.8 140.9 147.6 6.06 0.18 0.54 0.70
Ash, kg 10.6 12.2 11.8 13.2 0.53 0.04 0.09 0.84
CP, kg 41.9 47.1 45.2 47.9 2.56 0.28 0.52 0.70
Fat, kg 31.1 34.2 32.4 28.2 2.71 0.88 0.45 0.25
Energy, Mcal 503 570 547 518 29.8 0.56 0.88 0.18
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Table 8. Total content of gain and daily gain of BW, empty BW, and chemical body components between
3 and 10 mo of age in heifers fed the control diet, injected with bST, fed a diet with 2% added RUP, or

injected with bST and fed added RUP (bSTRUP).

Treatments Treatment effects (P <)
Item Control bST RUP bSTRUP SEM bST RUP RUP*bST
Observations, n 3 3 3 3
Total gain
LBW, kg 179.5 210.4 206.5 209.2 13.16 0.28 0.40 0.35
EBW, kg 150.6 174.2 164.8 171.5 8.27 0.14 0.54 0.37
Ash, kg 7.2 8.8 8.5 9.9 0.53 0.04 0.09 0.84
Protein, kg 28.6 33.8 32.0 34.7 2.56 0.28 0.52 0.70
Fat, kg 27.3 30.4 28.6 24.5 2.72 0.87 0.45 0.25
Energy, Mcal 395.7 462.8 438.1 410.1 36.51 0.87 0.45 0.25
Average daily gain
LBW, g/d 820 961 908 922 60.0 0.27 0.71 0.36
EBW, g/d 688 796 725 756 37.6 0.13 0.97 0.37
Ash, g/d 33 40 37 44 2.4 0.05 0.08 0.83
Protein, g/d 131 154 141 152 11.6 0.28 0.77 0.69
Fat, g/d 125 139 126 108 12.2 0.89 0.30 0.26
Energy, Mcal/d 1.80 2.11 1.93 1.81 0.134 0.54 0.54 0.19

Age Effects on Body Composition

The effects of age across treatments with respect to
changes in body chemical composition are shown in
Figure 1. These changes can be generally characterized
by an inverse relationship between age and empty body
water, protein and ash content, and a positive relation-
ship between age and empty body fat. Across treat-
ments, empty body water and protein percentage de-
creased from 69.8 and 20.5% at 3 mo to 62.2 (P < 0.001)
and 19.5% (P < 0.04) at 10 mo, respectively. Conversely,

69.82

704 67.56

2.24

60

504

40-

304

20.5 19,5219.48
20+

Empty body weight (%)

13.92

101 583 52 513 513

0 ]

Water Protein Fat Ash
Chemical body component

Figure 1. Changes in chemical body component distribution of
Holstein growing heifers with age: 3 mo of age (gray bars), 5 mo of
age (solid bars), and 10 mo of age (open bars).

fat percentage of EBW, increased from 5.8 to 13.9% (P
< 0.001) during the same time period.

DISCUSSION

Previous studies document increased N retention in
response to a combination of bST injection and aboma-
sal casein infusion in growing steers (Houseknecht et
al., 1992; Bruckental et al., 1996). In the present study,
bST administration altered metabolism of growing heif-
ers in a manner that led to numerically greater protein
and greater ash deposition without increasing fat depo-
sition. Similar results were reported by Early et al.
(1990a) for steers and by Radcliff et al. (1997) for Hol-
stein heifers. A similar pattern was observed with
added dietary RUP, as there was a tendency for in-
creased protein and ash deposition without increased
fat deposition (Early et al., 1990a). There was a ten-
dency for bST administration to increase carcass weight
in the present study is in agreement with previous re-
ports (Early et al., 1990a; Radcliff et al., 1997). The
present results indicate that numerically higher incre-
ments in carcass weight were the result of increased
ash and protein deposition. Thus, the higher growth
rates observed in the companion growth study (Moal-
lem at al., 2004) resulted from increased accretion of
skeletal tissue rather than increased adipose tissue.

In the present study, there was a tendency for both
bST administration and RUP to alter organ weights,
but in different ways. While administration of bST in-
fluenced the relative mass of many organs and tissues,
the effects of added RUP seemed to be to increase mass
of the digestive tract components, primarily the foregut,
including rumen and reticulum. Previous studies with
bST have investigated effects in lactating cows, which
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Figure 2. Weights of liver, heart, and spleen of heifers slaughtered
at 3 mo of age (pretreatment) (M), or 5 and 10 mo of age and fed the
control diet (A), injected with bST (x), fed a diet with 2% added RUP
(+), or injected with bST and fed added RUP (bSTRUP) (¢ ). The line
represents the predicted weights of organs as a function of LBW
expressed in allometric equations of the form: Y = A(X)® where: Y is
the organ mass (kg), A is the fraction of body mass for the organ of
interest, X is body mass and b is the scalar representing the change
in organ size relative to body mass as the animal matures.

involve the intensive metabolism related to milk syn-
thesis in the mammary gland. Somatotropin is a ho-
meorhetic controller (Bauman, 1992) that influences a
variety of tissues and organs via direct effect and indi-
rect effects mediated through secondary factors like
IGF-I and other somatomedins (Peel et al., 1987). Ef-
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Figure 3. Weights of kidney and blood of heifers slaughtered at
3 mo of age (pretreatment) (M), or 5 and 10 mo of age and fed the
control diet (A), injected with bST (x), fed a diet with 2% added RUP
(+), or injected with bST and fed added RUP (bSTRUP) (¢ ). The line
represents the predicted weights of organs as a function of LBW
expressed in allometric equations of the form: Y = A(X)® where: Y is
the organ mass (kg), A is fraction of body mass for the organ of
interest, X is body mass and b is the scalar representing the change
in organ size relative to body mass as the animal matures.

fects of somatotropin include coordination of organ and
tissue metabolism to promote lactation. Under normal
circumstances, relative organ mass is an indicator of
changes in metabolism (McLeod and Baldwin, 2000).

Changes in relative organ mass induced by bST were
observed in the current experiment and in previous
studies (Sandles and Peel, 1987; Early et al., 1990a),
may be a result of the adaptation to increased rate
of metabolism. Davis et al. (1988) reported that bST
injection in lactating cows increased cardiac output by
10% and mammary blood flow by 35%. Moreover, Hart
(1983) demonstrated that bST administration directly
increased blood flow. The current finding that bST in-
creased relative heart and blood mass at 10 mo of age,
supports these findings and the concept that bST has
direct effects on blood flow, as suggested by Peel et
al. (1987).

Added RUP increased intake and tended to increase
mass of the rumen-reticulum complex, whereas bST
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Figure 4. Weights of reticulorumen, omasum, and abomasum of
heifers slaughtered at 3 mo of age (pretreatment) (M), or 5 and 10
mo of age and fed the control diet (A), injected with bST (x), fed a
diet with 2% added RUP (+), or injected with bST and fed added RUP
(bSTRUP) (<©). The line represents the predicted weights of organs
as a function of LBW expressed in allometric equations of the form:
Y = AX)® where: Y is the organ mass (kg), A is fraction of body
mass for the organ of interest, X is body mass and b is the scalar
representing the change in organ size relative to body mass as the
animal matures.

tended to increase weights of the lower digestive tract
including the large and small intestine. The different
effects of RUP and bST on digestive tract components
possibly suggest different modes of action. Whereas the
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Figure 5. Weights of small and large intestine of heifers slaugh-
tered at 3 mo of age (pretreatment) (l), or 5 and 10 mo of age and
fed the control diet (A), injected with bST (x), fed a diet with 2%
added RUP (+4), or injected with bST and fed added RUP (RUPbST)
(). The line represents the predicted weights of organs as a function
of LBW expressed in allometric equations of the form: Y = AX)P
where: Y is the organ mass (kg), A is fraction of body mass for the
organ of interest, X is body mass and b is the scalar representing
the change in organ size relative to body mass as the animal matures.

main effects of added RUP were increased feed con-
sumption and availability of nutrients, bST increased
the lower GI tract mass, potentially as a means to in-
crease nutrient absorption rate to support lean growth.
The increased intestinal mass is consistent with soma-
totropic coordination of increased absorption and avail-
ability of nutrients as reported by Bauman (1992) for
minerals in nonlactating cows. Increased organ and
tissue growth induced by bST in the current study re-
flect changes in metabolites required to support in-
creased skeletal growth of growing animals. This is
similar to the increased metabolic supply to the mam-
mary gland for lactating cows in response to bST (Peel
and Bauman, 1987; Chalupa and Galligan, 1989).
There are few previous reports of individual digestive
tract components and visceral organ weights taken over
time during prepubertal growth of dairy heifers. The
relationship between organ weights and BW for heifers
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Figure 6. Partition of energy deposition between protein (H) and
fat (A) energy gain in different total energy gain rates between 3
and 10 mo of age of growing Holstein heifers.

slaughtered at 3 (pretreatment), 5, and 10 mo of age
(treatment groups) are shown in Figures 2 to 5. As
suggested by Baldwin (1995), data were fitted to stan-
dard allometric equations of the form: Y = A(X)" where:
Y is the organ mass in kilograms, A is the fraction of
body mass for the organ of interest, X is body mass,
and b is a scalar representing the change in organ size
relative to body mass as the animal matures. Figures
2 to 5 identify individual observations by treatment
groups and suggest that the relationship between BW
and organ weights were randomly distributed across
treatments.

The scalars in the allometric equations relating mass
of liver, heart, spleen, and blood were 0.91, 0.85, 0.96,
and 1.02, respectively, and are not different from 1 (P
>0.1). Thus, linear equations can be used to describe the
relationship between these organs and BW. Relative to
BW, kidney mass increased at a decreasing rate over
time, thus the scalar for kidney mass (0.66) differed
from 1. For rumen-reticulum and omasum growth, sca-
lars were also not different from 1 (P > 0.1), suggesting
a nearly linear relationship with BW. In contrast, abo-
masum and small and large intestines increased at a
decreasing rate, much the same as for kidney.

Growth rates of visceral organs generally coincide
with functional development. Postweaning rumen de-
velopment is associated with increases in the relative
volume and mass of rumen-reticulum complex. There
are many factors regulating organ and tissue growth
processes, including genetic, nutritional, and environ-
mental factors. Under normal circumstances, the devel-
opmental stage of each functional organ determines the
relative growth rate, as was demonstrated by McLeod
and Baldwin (2000). Organ metabolic activity can be
stimulated or depressed by external factors such as
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environmental and nutritional circumstances, or inter-
nal factors such as metabolic status and interrelated
organs. The linear growth of the rumen-reticulum and
omasum mass in relation to body mass between 3 and
10 mo of age (Figure 4) in the current study corresponds
with a linear increase in DMI until 10 mo of age (data
not shown). In contrast, the relationship between other
digestive tract components and live weight increased
at a decreasing rate relative to BW (Figures 4 and 5).
These differences may simply be a function of acceler-
ated rates of development of the posterior digestive
tract development during the postweaning period in
order to match digestion and absorption of metabolites.
Because the rumen, reticulum, and omasum are the
initial digestive tract compartment, their mass and es-
pecially volume are influenced directly by the volume
of feed intake and mass, whereas the other digesta
tract compartments (abomasum and small and large
intestine) are influenced by metabolic needs rather
than increased feed volume associated with increased
DMI.

Rates and Partition of Energy Deposition

To illustrate the relationship between rates of energy
gain and the partition of gain between fat and protein
energy, fat energy and protein energy gain were re-
gressed against total energy gain of heifers slaughtered
at 10 mo of age (Figure 6). In this instance, energy
deposited as fat was calculated as 9.4 Mcal/kg of fat
(NRC 2001), and protein energy was calculated as the
difference between total and fat energy deposition. As
the total energy gain was increased, the proportion as
fat energy was 0.76 and for protein energy was 0.24.
As age increased, the proportion of empty body fat in-
creased while water, protein, and ash content decreased
(Figure 1), consistent with previous reports (Waldo et
al., 1990; Fox et al., 1999; NRC, 2001). However, most
of the age effects relate to changes in absolute rates of
energy deposition as is shown in Figure 6.

The partition of energy deposition as fat (0.76) and
protein (0.24) appeared to be constant (Figure 6) with
increasing rate of overall energy deposition. These are
consistent with published requirements (NRC, 2001),
where net energy per unit BW gain increases with in-
creasing rate of BW gain. Equations for proportional fat
and protein deposition are identical to those reported by
Waldo et al. (1990) for Holstein steers but differ from
their finding for growing heifers (Waldo et al., 1997). As
was suggested by Waldo et al. (1990), the discrepancy
between studies may be due to differences in experi-
mental design. The Waldo et al. (1997) heifer study
was based on slaughter at a fixed animal weight and
variable time, whereas the present experiment and pre-
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vious study in steers (Waldo et al., 1990) were based
on slaughter at variable weights and a fixed time. De-
spite the discrepancy in equations, the intersection of
the 2 lines, i.e., the point at which rates of protein and
fat deposition would be equal occurred at a total energy
gain of 1.19 Mcal/d in the present study, nearly identical
to the value of 1.18 reported by Waldo et al. (1990).
Rates of energy deposition (Table 8) for the control,
bST, RUP, and bSTRUP treatments from 3 to 10 mo
were 1.77, 2.06, 1.99, and 1.85 Mcal/d as compared with
NRC (2001) predicted rates of 1.60, 2.03, 2.00, and 2.03
Mecal/d, respectively. Predicted energy deposition was
slightly lower than measured values for control heifers
and higher for bSTRUP heifers. Because increased
growth rates occurred in the bSTRUP treatment with-
out increased rates of fat deposition (Table 8), NRC
(2001) estimates of energy deposition were higher than
measured rates. In other treatments, there was close
agreement between predicted and measured values,
suggesting that energy requirement for growth sug-
gested by NRC (2001) can be used with confidence.

CONCLUSIONS

Changes in measured rates of protein, ash, and fat
deposition suggested that bST, and to a smaller extent
RUP, could be used to increase growth rates in dairy
heifers without enhancing adiposity. Increased deposi-
tion of body protein and ash suggest that rates of skele-
tal growth can be enhanced without the detrimental
effects of fattening usually associated with accelerated
growth. Changes in relative visceral organ masses in
response to bST administration were consistent with
adaptations needed to support increased rates of empty
body protein and ash deposition. In contrast to previous
experiments in which energy intake was used to in-
crease growth, and as a consequence fat deposition,
heifers treated with bST and RUP in the present experi-
ment achieved increased growth rates without in-
creased energy deposition. This demonstrates that hor-
monal and nutritional manipulations can increase skel-
etal growth rates of prepubertal heifers without
concomitant increases in fat deposition.
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